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ABSTRACT 
A chal lenging problem fac ing the determ inat ion of phenoxy acid 
herbic ides in  amples is  the ir  low UV absorpt i  i ty and the interference 
a ociated \ ith the matri in  which these analytes exis t .  Thi s  thesis is 
concerned with improving the detect ion l imits of this group of herbicid as 
\ i  el l as reduce or el im inate interference associated with the sample matrix . 
Nat ive phenoxy acid  herbic ides could be ana lyzed by h igh 
performance l i quid chromatography (HPLC) with u ltraviolet detection . 
Phenox herbic ides were analyzed by H PLC employing a gradient 
condi t ions that a l lowed base l ine resolut ion of a l l  analytes used in th is  study 
in approximate ly  20 m in .  However, the average detection l im it of these 
herb ic ides us ing such condit i ons and a U V  detector was only 0 . 5  x 1 0-6 M .  
This detect ion l im i t  was h igher than the  concentration a t  which these 
herb ic ides exi t environmental ly .  
The  procedure developed in  th i s  study for improving the  detect ion 
l im i t  of the studied herbic ides involved the derivatization of analytes with a 
fluoresc ing  derivat ization reagents such as 2 -aminobenzamide and 1 -
aminonaphthol-4 -su lfonic acid .  The procedure was based on the coupl ing 
between the carboxyl ic  ac id  group of the analytes and the ami ne group of 
the derivat izat ion reagent . As a result of th i s  coup l ing  an amide bond was 
formed between the analytes and the derivat i zat ion reagents .  The 
. .  
II 
procedure requ i red the ut i l i ty of a condensation agent such as benzatri azol-
1 - 10 y tr is  (dimethyl amino) phosphonium hexafluorophosphate (BOP) . 
The ut i l i ty of th is  conden at ion reagent al lowed the completion of the 
label l i ng in  approxi matel 40-50 min for al l  analytes .  The label l ing with 
the e derivat izat ion reagent a l lowed better detect ion l imi t  as wel l as 
separat ion .  In i t ia l ly, 2-aminobenzamide was llsed as a derivatizat ion 
reagent and the derivat izat ion for a l l  analytes was determined to be 
efficient as was deduced from H PLC and mass spectrometric analys i s .  
Hov ever, the  derivat ization wi th  th is  derivati zation reagent reduced the 
re olut ion of the separat ion and vary ing the separation conditions did not 
result in  attain ing basel ine resolut ion of all analytes in a s ingle analys is .  
Therefore, l -aminonaphthol-4 -su lfonic ac id  was used instead as  a 
derivatizat ion reagent and i t  proved to be more effect ive in  providing 
basel ine resolut ion for a l l  analytes . l -aminonaphthol-4-sul fonic ac id 
derivatized herb ic ides were basel ine resolved by HPLC and the average 
detect ion l imi ts  of a l l  analytes was approximate ly  1 x 1 0 -8 M .  Thi s  i s  a two 
order of magn i tudes i mprovement over the detection l i mi t  of nat ive 
phenoxy ac id  herb icides by UV detector. Moreover, the separat ion of those 
label led phenoxy ac id  herbic ides was attained in  shorter t ime .  The 
separation of label led herbic ides was achieved in less than 1 2  min re lat ive 
to the 20 min  needed for the separation of nat ive phenoxy ac id herbic ides .  
I II 
Th i s  developed procedure was uti l ized for studying the uptake of 
crops and oil accumulat ion for phenoxy aci d  herbic ides .  F irst, the 
mo ement of phenoxy ac id  herbic ide through the UAE soi l  was conducted 
employing th i  de eloped procedure . The method al lowed the sensit ive 
monitoring of  the movement of these phenoxy in  the UAE soi l .  The study 
\Va conducted to mon itor the movement of these phenoxy ac id herbic ides 
under fie ld condi t ions . The method demonstrated the weak interaction 
between the analytes and the UAE soi l s ince the h ighest concentrat ion of 
the e herb ic ides were determined to exist in  the bottom layer, thus 
support i ng  the expected weak interact ion between the analytes and the soi l .  
Second, the method was also employed t o  study the uptake of plants 
for these phenoxy ac id  herbic ides.  The uptake of plants for these 
herb ic ides could not be moni tored by U V  detectors due to  h igh in terference 
as ociated with the matrix in which the final sample existed .  Using the 
developed method substantia l ly el i minated the i nterference and al lowed the 
determinat ion of herb ic ides i n  the roots and leaves of p lants treated with 
these herb ic ides .  The study demonstrated di fferent ial uptake of plants to 
these herb ic ides as was dictated by the amount determined in the leaves 
and roots .  
The developed method improved detect ion l im i ts by  two orders of  
magnitudes, e l im inated i nterference associated with sample matrix, al lowed 
1111 
the tud ing  of movement of phenoxy acid herbic ides through UAE soi l ,  
and permi tted the  studying of plant uptake of the  phenoxy herbic ides . 
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CHAPTER I 
I NTRODUCTI ON 
Herbicide can be classified in several wa s .  These include 
cla i ficat ion ba d on the common name, funct ional groups of compound, 
and hoyv they are u ed to produce opt i  mum re ult (or according to 
ph io logical characterist ics) (A hton F . M .  & Crafts A .S . ,  1 98 1 ) . 
Herb ic ide according to their funct ional group are summarized in  Table 1 .l 
(A hton F . M .  & Crafts A . S .  1 98 1 ) . 
Th i  thesi i s  concerned with phenoxy acid herb ic ides which 
compri e a fami l  of phytotoxic substances that are used in  the form of the 
parent acids or more commonly as salt and ester (classification of phenoxy 
acid herb ic ides is l i sted in Table 1 .2 ) .  They are growth regulators with 
horm one- l ike act ivi ty .  That is ,  at relat ively low concentrat ion dosage, they 
bring about growth responses in regions d istant from the point of 
app l icat ion .  Pract ical ly,  th i s  property of trans location al lows their use by 
the low volume method to k i l l  root systems of perennia l  weeds by fol i ar 
appl i cat ion (Ashton F.M .  & Crafts A .S . ,  1 98 1 ) . 
Table 1 . 1  
TYPE O F  H E RBI C I DES 
Herbic ide Exa m ple Rem a rks 
Inorganic compounds Copper Sulfate 
Halokanoic acids Dalapon This type is very active against 
gra ses inhibiting growth and 
cau ing chlorosis and necrosi of the 
leaves 
Aromatic acid� Dicamba 
Amidcs Naptalm (N-l-naphthylphthalnic Thi type i primarily oil acting 
acid) especially against annual grasses 
Nitriles Dichlobenil ( 2,6- This herbicide i oil acting where it 
dichlorobenzonitril) controls germinating annual weeds 
and buds of perennial weeds , it also 
may be u ed for aquatic weed 
control 
Anilide Pentanochlor (3-chloro-2- Thi type can be u ed as post- or 
methvlvalcr-p-toluidide), pre- emergence 
Nitrophenols DNOC ( 4, 6-dinitro-o-cresol) This herbicide is used as post-
emergence in cereals 
Nitrophenyl Ethers Nitrogfen (2',4 '-dinitropheny4- This herbicide is used as pre or po t 
nitrophenyl ether) emergence to weed population 
Nitroaniline , Trifluralin (a.,a.,a.-tri fl uo ro-2,6- This type is active through the soil 
dinitor-N,N-dipropyl-p-toluidine) and it is applied before germination 
of the weed seeds 
Carbamate Propham ( isopropy N-phenyl This herbicide is used to control 
carbamate) annual grasses in peas and beet 
Ureas Difenoxuron (3-[4-(4- This herbicide is selective use in 
methoxypbenoxy)phenyIJ-l,l- onion 
dimethyl urea) 
Heterocyclic Nitrogen Atrazine (2�bloro-4-eth)'lamino- This herbicide is both foliar and oil 
compounds-Triazine 6-i opropylamino-l, 3,5-tl;azine) acting being taken up both by 
leaves of emergent weeds and by the 
roots of weed seedling s emerging 
after spraying 
Hetrocyclic Nitrogen Paraquat (1,1 '-dimethyl-4,4'- Destroys photosynthetic tissues and 
compound - bipyridinJium ion normally is used for variety of purposes 
Pyridines formulated as the dichloride) including stubble cleaning, inter-
row weed control, desiccation of 
various crops and killing out old 
pastures which can then be resown 
without ploughing 
Hetrocyclic Nitrogen Norflurazon (4- chloro-5- Weed control in cotton stone fruits 
compound - methyl ami no-2-( 0.,0.,0.- trifluoro- and cranberries being particularly 
Pyridazines m-toly!) p�Tidazin-3-one) active, against grasses and sedges. 
Hetrocyclic Nitrogen Bromacil (5-b romo-3-s-n utyl-6- They are applied to the soil and 
compounds - methyluracil), absorbed via the roots but 
Pyrimidines (uracil ) eventually inhibit the Hill reaction 
of photosynthesis causing chloro is 
and death 
Conti nued 
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Table 1 . 1  
Herbic ide Exa mple Rem a rks 
I IIetroc) lcic Nitrogen Aminotrizole Active against annual and perennial 
compound - weeds where it inhibits regulators 
ncla sified from buds, thi group of 
compounds has a variety of 
chemical structures and type of 
herbicidal activity 
Hetcroqclic Endothal (7-oxabicyclo(2,2,1)- used as pre- and po t-emergence for 
compound - Other heptone-2,3-dicarboxylic acid control of weeds beet and spinach 
Hetroatoms 
Organoar enic Cacod)lic acid (dimethyl arsinic U! ed for non selective post-
compound, acid) emergence on non crop areas , for 
pasture renovation, as a desiccant 
and defoliant for cotton and for 
killing trees by injection, 
Organopho pbouru Ben ulide (O,O-di-isopropyl-S-2- used as pre-emergence control of 
compounds phenyl-sulpbonylaminoethyl annual grasses and broad leave 
pbosphorodithioate) weeds in lawns 
Unclassified Allyl alcohol Used for weeding forestry nursery 
compounds beds 
Phenox.yalkanoic 2 �-D They are ubdi\'ided into several 
Acid [(2,4-dichlorophenoxy )acetic classes, as illustrated in Table II 
acidl 
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I 
Class 
TABL E 1 .2 
C L  S S  O F  PRE OXY A L KANOI C  AC I D  H E RBIC I DES 
Example Remarks 
Phenox� Acetic 2,4-0 [(24-dichlorophenoxy )acetic acid] 2,4-D: U:ed for c1ectiye 
and 2,4,5-T [(2,4,5-trichlorophenox)')acetic herbicides in field uch as 
acid) chariock, annual nettle and 
corn butter. 
2,4,5-T: U ed against woody 
species. 
I Phenoxy Butyric 2,4-0B [(2,4-dichlorophcnoxy) butyric acid Treatment of many varieties 
of lucerne especially at 
seedling stage. 
Phenoxy Dichloroprop [2-(2. 4- Oichloroprop: Used as post-
propionic dichlorophenxoy)propionic acid] and emergence, translocated 
Silvex [2-(2,4,5-trichlorophenoxy)propionic herbicide for use in cereals 
acid] for the control of a number 
of weeds such as chick 'weed, 
cleaver and other broad-
leaved weeds. 
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1 . 1  M O DE OF A T IO O F  HER B I C I DES 
Numerou b iochem ical and metabol ic changes in plants are induced 
b pheno acid herbic ide . These change effect plant structure and 
growth .  One of the e changes involves dedifferentiation and in i t iat ion of 
cell d ivi i on in certain mature cel ls  and inh ib i t ion of cell divis ion in 
primary meristems (Ashton F . M .  & Crafts A. S . ,  1 98 1 ) . 
The grov.,rth response suggests that nuc le ic  ac id metabol ism and the 
metabol ic  aspect of cel l wal l  plast ic ity are most re levant to the mechanism 
of act ion of phenoxy herbic ide .  For example,  the primary effect of low 
Ie el  of 2 4-D on nucle ic ac id  synthesis appears to be the st imulation of 
RNA pol merase and the subsequent st imulat ion of RNA and protein 
synthes is .  Low Ie e ls  of 2 ,4-D i nduce cel l  enlargement by increasing the 
acti i ty  of the autolyt ic and synthet ic  enzymes responsible for cel l  wall 
loosening and synthesis of new cel l wall material . The abnormal 
st imulat ion of these processes by low leve ls  of 2 ,4-D leads to uncontro l led 
growth, however the h igh leve ls  of 2 ,4-D i nh ib i t  growth (Ashton F .M .  & 
Crafts A . S . ,  1 98 1 ) . 
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1.2 D EGRA DATIO OF P H E  OXY AC I D  H E RBIC I DES 
D gradatIon of pheno ac id herbic ides in plant and soil are 
di fferent . The d gradat ion of phenox ac id herbic ides in plant involves: ( 1 )  
degradat ion of the acet ic ac id  side chain,  (2)  hydroxylat ion of the aromat ic  
r ing and (3) conj ugat ion with plant constituent (Flectcher W.W.  & 
K irkwood R .  C . ,  1 982) .  
S ide chain degradat ion appears to be widespread i n  p lants, but may 
be of major i mportance i n  on ly a few species in  which  i t  i s  sufficiently 
rapid  and extensive to influence select ivi ty .  Such spec ies inc lude red 
currant . Ring hydro ylat ion occurs general ly at posit ion (4 ) i f  it i s  
unsubst i tuted (e . g. 2,6-CPA) or  a t  posi t ion (3) i f  posit ion (4 )  i s  already 
substi tuted (e .g .  2 ,4 ,6-T) (Flectcher W .  W .  & Kirkwood R .  C . ,  1 982) .  
Degradat ion is  one of the main pathways by which  pestic ides are 
removed from soi l s  (Bo lan N .  S .  & Baskaran S . ,  1 996) . It has been 
estab l ished that the breakdown of phenoxy herb ici des is the result  of 
m icrob iological mechan isms .  The bacteria chromobacter, Alcaligenes, 
Arthrobacter, Bordetella, Flavobacteriulm, P 'eudomouas, and 
Xanthobacter have been isolated from so i l s  and shown to degrade 2 ,4-D 
and MCPA in l iqu id  nutrient media ( Smith E. et ai. , 1 994) .  
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An increase of soi l  microbial activity is  l ikely to i ncrease the rate of 
degradation of pest ic ides.  However the i mportance of m icrobial aspects in  
the degradat ion of many pest ic ides remains to be  elucidated because soi l 
mi  robial indicat ion, uch a bioma s and act i i ty ha e rare ly been used 
regularly in tudie in olving pe t ic ides transformat ion in soi l (Bolan N. S .  
& Baskaran S . ,  1 996) It was also concl uded from research by several 
in e t i gator that, the quantity of phenoxy herb ic ides reaching the soi l  from 
weed control would probably not have a serious effect on most soi l  
m icroorganisms (Bovey R .  W.  & Young A .  L ., 1 980) .  
Johnson and co-workers studied the degradat ion of 2 ,4-D in  addi tion 
to i ts sorpt ion and mob i l i ty on surface soi ls  and two sub-so i l  layers from 
rice-producing  areas of Arkansas (Johnson W. G .  et aI . , 1 995) .  They are 
ported t hat the diss ipation rate constant for 2 ,4-D depended on t ime of 
incubat ion, nature of soi l , temperature, and water potent ial . The dissipation 
of 2 ,4-D was more rapi d  under wet than dry soi l  condi t ions .  They also 
found that, the diss ipat ion rate was slower in sub soi l s  than in surface soi ls .  
Moreover, the degradation of 2 ,4-D was faster by sunl igh t  with DT50 's  
(Esti mated t ime for d isappearance of 50% of the in i t ial concentrat ion) of 1 
to 1 2  h in aqueous sol ut ions (Johnson W.  G .  et aI . , 1 995 ) .  
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1 .3 ORPT I O  A D DESOR PT I O  OF HERBIC I DES 
orpt ion and de orpt ion are key processes contro l l ing herbic ide 
dl ipat ion and ffic iency in oil a wel l a the potent ial for contaminat ion 
of ground and surface water . Sorpt ion refers to surface induced removal 
from solut ion \ heth r b ad orption absorpt ion, or prec ipitat ion . Wh i le  
de orpt ion refer to the attract ion and accumulat ion of molecules a t  the 
soil -water or soi l-air i nterface resul t ing in  molecules layers on the surface 
of soi l  part ic les (Harper S .  S . ,  1 994) .  The b ioavai lab i l i ty of pest ic ide in soi l  
i a funct ion o f  the sorpt ion desorpt ion equi l ibria, because sorbed material 
can only be metabol ized after desorpt ion, when i t  becomes d issolved in soi l  
solut ion (Carto'n A. et  a1 . , 1 997) .  
There are d ifferent factors which affect the sorpt ion desorption of 
pest ic ides . So i l  organic  matter ( SOM) is  one of the most i mportant soil 
components in  the sorption of pesti c ides and other organic  pol lutants .  
However, the mechanisms i nvolved i n  sorption have not been clearly 
demonstrated, because it was d ifficul t  to i solate unaltered SOM and 
characterizing its chemical and physical propert ies (Benoit P. et a1 . ,  1 996) .  
Sorpt ion also affects the chemical 's spatial d istr ibution and 
avai lab i l i ty to m icroorganisms of a chemical substance and is  h ighly 
corre lated to organic content and clay percentages in soi l  profile .  The 
format ion of slowly revers ible or restricted sites with in the soil system 
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l imi ts  the a a i lab i l i ty of the chemical or biological  degradation, especial ly 
in case where b iodegradat ion occurs in  the solution phase ( Workman S .  
R .  & Nokes . E., 1 998) .  
orpt ion of organ ic po l lutants on humic substances may involve 
e eral mechani ms s imultaneousl . The t pe of interact ion depends on 
the mo lecular propert ies of the pol l utant, i . e . polarity, ion izabi l ity, 
hydrophobic ity and on the characterist ics of the humic substance, i . e .  
macromolecular structure densi ty, d i stribut ion and accessib i l i ty of 
d ifferent funct ional groups.  Humic macromolecules have polar const ituents 
with carboxyl ic ,  phenol ic  and amino groups, and hydrophobic const i tuents 
with aromat ic and alkyl chains .  Both const i tuents are potential sites for the 
orpt ion of organic matter ( or pol lutants ) at the surface or inside the 
humic  macromolecules, depending on the structural arrangement and the 
phys icochemical environment, i . e .  pH and ionic strength  (Benoit P .  et aI . ,  
1 996) .  
I n  soi l s  both adsorpt ion of organic pest ic ides and the biological 
act iv i ty i ncrease with an i ncrease in  the organic matter content .  These two 
factors have opposite effects on the degradat ion of pest ic ides. Adsorption 
has often been shown to decrease the degradat ion rate of organic chemicals 
by reduc ing their avai labi l ity to microbial attack (Bolan N. S .  & Baskaran 
S . ,  1 996) . 
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The structure of soi l  has recently been shown to be a significant 
factor in  herbic ide sorpt ion and subsequent leach ing to ground water. In 
addi t ion to the chemistry and tructure of soi l  i tse lf, the soi l  envi ronment 
affect the orpt ion of herbic ides .  It i s  often assumed that adsorpt ion i s  an 
exothermic proce s, hereb an increase in temperature would lead to 
decreased ad orpt ion and increased desorpt ion .  However, thermodynamic 
tudie of orpt ion have shown a h ighly variable re lat ionship to 
temperature due to the complexity of the soi l environment .  An i ncrease in 
temperature may cause an increase, a decrease or no change in sorpt ion 
(Harper S .  S . ,  1 994) .  
I n  p lants, herb ic ide interact ion w i th  plant res idue has pract ical 
impl icat ions in terms of herbic ide re lease to soi l  for target plant uptake . 
Herbic ide binding can be weak or strong depending on the type and degree 
of decomposit ion of p lant cover res idue .  Increased herb i c ide retention by 
plant residue not only reduces the amount reach ing the soi l ,  but also 
prolongs herb ic ide pers is t ing .  The latter could provide season long weed 
control from herb ic ide desorbed from plant residues over a period of t ime .  
However, the res idue pers istent beyond the crop season can potent ia l ly 
inj ure rotational crops i nc l uding vegetables .  Herb ic ide retent ion by plant 
residue can also min imize herbic ide runoff and leach ing losses ( Reddy K .  
N .  e t  aI . ,  1 995 ) .  
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Adsorption/desorpt ion characterist ics  are important in  predict ing 
pest ic ide mobi l i ty and fate in  aquat ic  ecosystems.  Pest ic ide sorption 
affect other proce ses that detenn ine the final fate of these compounds in  
the aquat ic en i ronment (transport ,  degradat ion, volat i l i zat ion, 
bioaccumulat ion, etc . )  and also contro ls  the persistence and irreversible 
binding of  the pest ic ide .  All  these process influence the possible effects of 
pe tic ide on non-target organisms in the aquati c  environment .  Moreover, 
sediments are saturated with pore-water whic h  acts as a transport medium 
and d istr ibut ing phase for pest ic ides .  In addit ion, pore-water contains 
di solved organic matter (DOM), col lo ids, and other macroorganic  
molecules, which can bind pest ic ides result ing i n  fac i l i tated transport and 
enhanced b ioavai lab i l i ty of these chemicals GAO 1 .  P . ,  1 998) .  
Sorpti on of herb ic ides to so i l  occurs  through a number of 
mechanisms involving varying bond strengths and i s  dependent on the 
herb ic ide characterist ics, soi l surface characterist ics, and competing 
solutes .  The rate of sorpt ion  is  contro l led by the rate of herbic i de reaction 
with the soil surface and by the rate of molecular d iffusion i nto the soi l  
partic les (Harper S .  S . ,  1 994) .  
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1 .4 M ET HOD OF ANA LYS I S  OF PHENOXY ACI D  HERBICI DES 
Becau e of the aforementioned facts determination of phenoxy ac id  
herbic ides at low concentrat ion i important . Several methods of analysis 
have been employed for the detection of phenoxy ac id herbic ides. These 
meth d inc lude, Gas Chromatography (GC), Liquid Chromatography 
(L ), H igh Performance Liquid Chromatography (HPLC), H igh 
Perfonnance Cap i l lary Electrophoresis (HPCE), and immunoassay . 
1. 4. 1 Gas Chromatography ( GC): 
Ga chromatography and Liquid chromatography are the most used 
analyt ical teclmiques for the determinat ion of phenoxy ac id herbic ide .  
Phenoxy acid  herb ic ides are non-volat i le and, thus can not  be analyzed by 
GC without derivat izat ion .  The most used derivatization procedures i n  
environmental appl ications are methylat ion of phenoxyalkano ic  acid and 
the preparation of pentafluorobenzyl derivatives ( L i ska 1 .  & S lobodnik  l ,  
1 996) .  Methylation of phenoxy aci d  i s  the method approved by  the 
Environmental Protect ion Agency (EPA) (EPA 8 1 50/8 1 5 1 )  for 
determination of ch lorinated phenoxy herbic ides in  water by GC with 
electron- capture detector (ECD) or Electrolyt i c  conduct iv i ty detector 
(ELCD) (US EPA method 8 1 50/8 1 5 1 ) . The dervit izat ion of phenoxy acids 
with d iazomethane was fast, complete, and required, apart from d iethyl 
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ether remo al and a fi l tration step, no further preparat ion prior to injection 
into the GC system ( Buche l i  T .  D.  et al . 1 997) .  However, the use of 
diazomethane has severa l di sadvantages inc luding :  i ts  h igh toxicity and 
xp lo  i e propert ie , hence, requir ing ery careful treatment . Moreover, the 
re ponse of electron -capture detector (ECD) to methyl derivat ives IS 
omet imes \ eak and varies from one chem ical to another (Li ska 1 .  & 
lobodnik 1 .  1 996) .  
Analysis of several phenoxy acids i n  soi l and cereals was carried out 
by gas chromatography with the h igh ly sensi t ive ion trap detection ( lTD) 
after estrificat ion of the ac ids with B F3 -methanol ( Sanchez-Brunete C. et 
al . , 1 994) .  Buchel i et al . employed i denti fi cat ion and quanti fi cation of 
some phenxoy herbic ide (2,4-D, Dich loroprop, MCPA, mecoprop, 2 ,4 ,S-T, 
and 2 ,4 , S -TP) us ing GCIMS (Buche l i  T. D. et aI . ,  1 997) .  Their method 
al lows the routine and s imul taneous determination of phenoxy acids in  
natural water a t  the  concentrat ion level of low nanogram per  l i ter. Also, 
the i r  use of i sotope-labeled i nternal standards and i nternal cal ibrations 
al lowed for the compensat ion of possible analyte losses, and permi tted h igh 
prec is ion and accuracy .  A selective so l id  phase, which a l lowed excel lent 
recovenes for a variety of polar pest ic ides, reduced matrix effects and 
sequent ia l  e l ut ion of d ifferent pest ic ide c lasses was combined with a 
specific detector, thus permitt ing unambiguous identification and 
determinat ion at the low nanogram per l i ter concentrat ion leve l .  As a result ,  
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the method was able not only to serve as a routine screening tool for the 
a sessment of some of the most wide ly used herbic ides but a lso proved 
re l iable and sensi t ive enough to study the fate and behavior of herbic ides in 
ariou kind of aquat ic  environments .  
L iang and co-worker evaluated the determination of different 
h rb ic ide (c lop ra l id ,  p ic loram,  and s i lvex) part icularly at 0 .0 1 00 �g/g, in 
lberta o i l  of arious types, using the Ca(OHh-water extract ion method 
fol lowed b measurement with GCIECD ( Tan L .  K .  et a l . , 1 996) .  Use of 
Ca(OH)2 and water to extract herbic ides prec ipitates humic ac id  by the 
divalent Ca2+ ion . Thus emuls ion is not formed dur ing the next part i t ion 
proce s which leads to a successful part i t ioning of the herbic ides .  
Howe er, this analyt ical method is not  rel iable for the determination of 
phenoxy herbic ides at  0 .0 1 00 �g/g in  soi l s  that contain � 5% organic 
matter ( Tan L. K. et al .  , 1 996) . 
A method for the analysis of more than 30 acid ic  herb ic ides i n  tap, 
ground, surface and sewage water at the low ng/l leve l  was developed 
(Th . Heberer S .  B .  et a l .  , 1 993) .  In th i s  method, water sampl es are extracted 
with sol id-phase extract ion (SPE) us ing carefu l ly  checked RP-C 1 8  
materia l . Recovery rates in  this method were of more than 700/0, and decent 
standard deviat ions for almost al l compounds were obtained. 
Pentafl uorobenzyl bromide i s  used for dervat izat ion of these acidic 
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herbic ides to form the pentafluorobenzyl ic  esters of the acidic herbicides. 
Detect ion I S  performed with capi l l ary gas chromatography/mass 
pectrometr (GC-MS) with e lectron impact ionization applying selected 
ion monitoring ( IM) .  Thi method makes recogn i t ion possible of 1 to 
l Ong of the target compound in one l i ter of tap water with c lear 
ident ification (Th .Heberer S .  B .  et al . , 1 993)  . 
1. 4. 2 Liquid Chromatography (LC): 
Liquid Chromatography i s  usual ly  preferred for the analysis of 
phenoxy acid herbic ides( phenoxyalkanoic acids and chlorophenols) in 
mul t i re idue on- l ine techn ique or off- l i ne methods where no derivat izat ion 
is  required ( GAO J .  P.  et aI . ,  1 998) .  However, analys is by HPLC is  less 
sensi t ive than GC and requires gradient e lut ion to achieve sufficient 
resol ut ion .  
Groenewegen and co-workers studied the effect of membrane pore 
size on the c lean-up efficiency of e lectrodialysis sample treatment (EDIST) 
using several ch lorinated phenoxy acids (Groenewgen M .  G .  M .  et ai . , 
1 994) .  The study concluded that, EDIST of pennanent ly  charged 
compounds can be performed without major problems .  S imi lar sample 
c lean-up and analyte concentration can be ach ieved for weak acids and 
bases .  However, several important aspects have to be taken into account . 
As the pH of acid ified sample i ncrease rapid ly owing to proton transport to 
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the acceptor phase h igh enrichment factors for basic compounds become 
neutral during EDIST.  
Another analyt ical technique in LC invo lves the use of on-l ine 
nrichment rever e phase l i quid chromatography -diode array detect ion 
part ic le beam ma spectroscopy (RPLC-DAD-PB-MS) .  The advantages of 
on- l ine trace enrichment procedures include better sensi t iv ity, lower 
consumption of organic solvents, h igher automat ion potential and 
s impl i c ity of analysi s  compared with off- l in e  procedure (Marce R .  M .  et 
al . 1 995 ) .  Moreover, several ac id ic herbic ide were determined using LC­
h igh flow pneumat ica l ly assisted electrospray mass spectrometry with 
negat ive ion izat ion ( Chi  ron S .  et  al . , 1 995 ) .  The advantages of th is system 
inc lude low water requirement, the first t ime use of automated pre­
concentrat ion system-On- l ine Sol id Phase Extraction (OSP2)- which is a 
powerfu l  technique i n  environmental water analys is .  In addit ion,  the use of 
to E lectro Spray Mass Spectrometry (ESP-MS) which provides much better 
structural i nformation as compared to Therrnospray Mass Spectrometry 
(TSP-MS) .  This  method i s  usefu l  technique i n  the identifi cation of 
unknown ac idic herb ic ides in  estuarine water samples ( Chiron S .  e t  al . 
1 995 ) .  Micro-flow rate part ic le beam interface for capi l l ary LCIMS was 
used also a l lowing greater sensi t i vity and much s impler operat ion 
(Cappie l lo A .  et al . , 1 995 ) .  Crescenzi and co-workers appl ied a very 
sens i t ive and specific  ana lyt ical procedure for determin ing 20 acid ic 
1 6  
pestic ide in  aqueous environmental samples using pneumatical ly assisted 
electrodspra (ES)  LCIMS (Crescenzi C .  et aI . ,  1 995 ) .  
An on- l i ne extract ion system with completely continous - flow 
anal (CCFA) prior to LC cloumn was used for detennination of 
chi r inated pheno y ac id herbic ides (2,4-D, 2,4, 5,-T, and s i lvex) in water 
ample ( Farran A. et a1 . , 1 990) .  Overal l ,  LC is often a method of choice 
when polar non-volat i l e  or thermolabi le  compounds are analyzed (L iska 1 .  
& Slobodnik 1 . ,  1 996). 
1. 4. 3  High Performance Liquid Chromatography (HPLC): 
H igh Perfonnance Liqu id Chromatography offers several advantages 
over aforementioned analyt ica l  methods and techn iques, which explained 
previously .  It i s  suitable for heat-sens i t ive compounds such as phenoxy 
acids .  I t  is a lso wel l  known that the potentia l  of many chromatographic 
techniques i s  greatly  enhanced when they are coupled with mass 
spectrometry . Unfortunately, the advantages gained by coupl ing HPLC and 
mass spectrometry are strongly obstructed by the inherent d ifficult ies found 
in the ion izat ion of chemical ly fragi le sol utes e luted in by a complex l iquid 
mobi le  phase ( Cappie l lo  A . .  et al . , 1 995 )  . .  
Detection of phenoxy ac id herb ic ides by HPLC has been based 
main ly on the poor selectivity of UV detect ion at 230 or 280 nm. This i s  
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due to the fact that many of the compounds inherent ly present in  the sample 
matrix absorb at these wa elengths. Therefore, in order to detect herbicides 
in water sample at concentrat ions lower than 1 .0 J.l.g/l ,  sample enrichment 
and pun ficat ion by mean of a elect ive sol id-phase extract ion cartridge or 
compl icated HPLC s stem with on-l ine column-switch ing valves are 
needed .  A the phenoxy ac id herbic ides contain carboxyl groups, 
precolumn fluorescence label ing must be taken i nto consideration for a 
sens i t ive and select ive H PLC assay ( Suzuki T. & Watanabe S . ,  1 99 1 ) . 
Suzuk i  and Watanabe ( Suzuk i T .  & Watanabe S . ,  1 99 1 )  appl ied 
ADAM (9-anthryldiazomethane) to precolumn dervat ization for the 
detenninat ion of 2,4-D, MCPA, MCPP, MCPB by reverse-phase HPLC . 
They evaluated a screening method ut i l iz ing ADAM for these herbic ides i n  
ground water samples .  This  method determi ned phenoxy acid herb ic ides at 
levels  lower than 0 . 5  J.l.g/l . 
Di  corci a  and co-workers succeeded i n  developing a selecti ve and 
specific HPLC assay for moni toring  phenoxy acid  herbic ides in 
environmental aqueous samples (Di corc ia  A. et aI . ,  1 989) .  The extraction 
and purificat ion of the sample were perfonned by a single min iaturized 
cartridge conta in ing in the upper part carbopack and in the lower part a 
s i l ica-based strong anion exchanger (SAX). Concentrat ion factors h igher 
than 500 were ach ieved by suitably s izing the trap . Direct inject ion of a 
large fract ion of the final sample extract into the HPLC column operating 
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In the reverse-phase mode was possible, as the eluotropic  strength of the 
o lvent system for e lu t ion of phenoxy acids from the trap was l ower than 
that of the mobi le phase for HPLC. 
Rene and co- orker appl ied a novel c lean-up technique to a 
polymeric precol umn ( PLRP-S) for the subsequent determ inat ion of e ight 
phenoxy acid herbic ides ( MCPA, MCPP, 2 ,4-D, MCPB, 2 ,4 ,5-T, 2 ,4 ,5-TP, 
and 2 4-DP) in surface water (Rdink R. B .  C. et al . ,  1 99 1 ) . The techn ique 
consist of a c lean-up with 1 000 of 0 . 1 mol  sodium hydroxide solut ion (pH 
1 2 . 5 )  and of a heatcut consist ing of four precolumn bed volumes of eluent 
directed to waste fo l l owed by ten precol umn bed vol umes of e luent 
directed to the analyt ical  column (Rdink R .B .  C .  et al . ,  1 99 1 )  . 
1. 4. 4  High Performallce Capillary Electrophoresis (HPCE): 
Both mice l l ar e lectroki net ic cap i l l ary chromatography (MECC) and 
cap i l l ary zone e lectrophoresis (CZE) have been used to analyze acid 
herb icides (Mechref Y. & EI Rassi Z .  , 1 996) ( Brumley W.C .  & 
Brownrigg C . M .  , 1 995 )  ( Hs ieh Y.Z .& Huang H .  Y . ,  1 997 ) .  MECC is  
preferred due to the s im i lar charge-to- mass rat ios of the d ifferent acid 
compounds ( Brumley W .C .  & Brownrigg C . M .  , 1 995) .  For CZE, acetate 
buffers of h igh concentrat ion ( Hs ieh Y.Z .& Huang H .  Y . ,  1 997)  are 
preferred and have shown to  generate reasonabl e  efficiency separat ion . 
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Mechref & El  Rassi(Mechref Y.  & El Rassi Z. , 1 996), showed the 
possibi l i t ies of detect ion of phenoxy ac id  herbic ides by a selective 
der i t izat ion of these herbic ides with 7 -aminonaphthalene- 1 ,3 -d isu lfonic 
aCId (AND A). The eparated and detected the ANDSA-phenoxy 
herbic ides b capi l l ary electrophoresis/laser- induced fluorescence (CCE­
L I F) at 0 . 2  ppb a concentrat ion at which environmental herbic ide samples 
are expected to exi t .  This  study showed that, precolumn dervatization was 
quant itat ive (99 . 7% ie ld) and produced stab le derivati ves with no s ide 
product . 
1. 4. 5 Immunoassay 
Immunoassay IS  rel at ive ly new to the fie ld of pestic ide 
analysi s .  There has been considerable i nterest in  exploring  its ro le in the 
detenn inat ion of chemica ls .  Richman and co-workers developed a rapid, 
low-cost screen at 1 0  ppb level for 2,4-dichlorophenoxyacet ic acid (2 ,4-D) 
in  apples,  oranges, grapes, potatoes, peaches, and grapefrui t .  The 
i mmunoassay i s  carried out by d i lut ing an acetoni tri l e  extract produced i n  
support of other analyses with aqueous buffer avoid ing a separate 
extract ion, dervat izat ion, and c leanup necessary for GC ( Richman S .  J .  et 
a! . , 1 996) . 
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1 . 5 DER I VATI ZATION 
Derivat izat ion is  an  important step i f  sensi t ivi ty and select ivity 
requirement for the determinat ion step are not met .  I t  can be carried out in 
a pre-column or post-column depending on analys i s  required and 
instrum ntat ion a ai lab i l i ty .  Derivatizat ion of phenoxy ac id herbic ides was 
achie ed us ing d ifferent reagents for GC, HPLC and H PCE.  
1. 5. 1 Derivatization For GC: 
Derivat izat ion i s  performed m gas chromatography (GC) to (Smyth 
M . R .  , 1 992) :  
1 .  i ncrease the volat i l i ty of the species of i nterest, 
2 .  produce derivat i ves, which g ive better responses with more selective 
and sensit ive detectors (e .g .  ECD), and 
3 .  improve the stab i l i ty o f  the analytes .  
Phenoxy aci d  herb ic ides were pre-column derivatized by usmg 
diazo methane as a derivat iz ing agent (US EPA method 8 1 5 0/8 1 5 1 )  ( 
Buchel i  T .  D .  et a1 . , 1 997 ) .  The methyl ester derivat ives are then 
determined by GC with ECD or ELCD ( US EPA method 8 1 50/8 1 5 1 )  or by 
GCfMS (Buche l i  T .D . ,  1 997) .  A pre-col umn derivat ization of phenoxy acid 
herbic ides us ing BF3-methanol as a derivat iz ing agent was used for 
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analyses of several phenoxy acids in  soi l  and cereals by gas 
chromatograph with ion trap detection ( Sanchez-Brunete C. et aI . ,  1 994) . 
1. 5. 2  Derivatizatioll For HPLC: 
In  h igh perfonnance l iqu id chromatography ,  derivatizat ion i s  mainly 
u ed to impro e the l im i t  of detect ion, s ince polarity and stabi l i ty of 
anal te are not as great a problem in HPLC as in  GC (Smyth M .R ., 1 992) .  
Pre-co lumn derivat izat ion of phenoxy acid herb ic ides for HPLC i s  
carried out u i n g  9-anthry ld iazomethane (ADAM) (Suzuk i  T .  & Watanabe 
S . ,  1 99 1 ) . 
1. 5. 3  Derivatizatioll For Capillarv ELectrophoresis (CE): 
Phenoxy ac id  herb ic ides were derivatized with 7-aminonaphtalene-
1 ,3-d isu lfonic acid (AND SA) and subsequent ly analyzed by HPCE 
(Mechref Y.  & E I  Rass i  Z . ,  1 996) .  In CE the separation i s  based on 
d ifferent ia l  e lectromigrat ion of the analytes t hrough a cap i l l ary fi led with a 
background e lectrolyte. Therefore, a charged derivat izing  agent i s  required 
to improve detection as wel l as separat ion .  The derivat izat ion of phenoxy 
acid herb ic ides with ANDSA replaced the weak ly ion ized carboxyl i c  acid 
group with a strongly ion ized sul fonic ac id group, thus enhancing the 
separation of phenoxy ac ids .  Moreover, derivatizat ion i ntroduced a 
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fluorescing tag to the analytes resul t ing III an enhancement of the 
detect ion( myth M .R . ,  1 992) .  
On the other hand Brumley and Brownrigg (lung M. & Brumley , 
1 995 )  derivatized phenoxy ac id herbic ide for their separat ion by !-WeE 
with 5 -( aminoacetamido) fluorescein uti l iz ing the same derivat izat ion 
t chnique introduced by Mechref and EI Rassi (Mechref Y. & E l Rassi Z . ,  
1 994) .  However, derivat izat ion with th i  tag  resu lted in  the  format ion of 
man ide products that i nterfered with separation .  
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1 . 6 A I M  OF THE WOR K 
Chemicals of d ifferent propert ies have found their way i nto the field 
of chemical weed control . Food crops have suffered less damage and i n  
part icu lar the ra age of  seriou vector-born diseases ha  e been lessened 
by chemical appl ication . One of these chem icals is phenoxy ac id 
herbic ide , which are u ed world wide in agricu l ture and forestry for 
contro l l i ng  the pre ence of unwanted broad-l eaf weed. 
The adverse effects of these herbic ides in human, health and 
environment ha prompted an inten ive research for finding solut ions for 
th is  problem al l 0 er the world .  The main goal s of th is  study are : 
1 .  The de e lopment of a fast, effic ient and select ive labe l ing procedure 
for the �abe l ing of phenoxy acid  herbic ides .  
2 .  I ncreasing the hydrophobic i ty of the phenoxy acid  herb ic ides by the 
format ion of an amide bond between the carboxyl i c  acid group of the 
herb ic ides and the amine group and the hydrophobic l abe l ing 
reagent ,  w i l l  fac i l i tate the reverse-phase HPLC separation .  
3 .  The amide bond formation wi l l  be ach ieved by the u t i l i ty o f  BOP 
coup l ing reagent, which al low the complet ion of the reaction 
between 40-50 min . 
4 .  The improved detect ion sensi t iv i ty o f  the herbic ides wi l l  permit  the 
accurate and sens i t ive determinat ion of the crop uptake and soi l 
accumulat ion of these herbic ides .  
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The e goals w i l l  be ach ieved through : 
1 .  Opt imizing the deri atizat ion condit ions by test ing se eral 
solvents and reagents .  
2 Opt im izing the eparat ion condit ions by varymg the separat ion 
condit ion . 
3 .  Test ing the effect iveness of th is techn ique through its appl icat ion 
for the determinat ion of the phenoxy ac id  herbic ides in soi l  and 
plant . 
2 S  

C HA PTER I I  
EXPER I ME TA L METHOD 
2. 1 R EAG E T AND MATE R I A L  
Phenox ac id herbicides inc luding (2,4-dich lorophenoxy) acet ic  acid 
(2,4-D), 2-(2 4 , 5 -tr ichlorophenoxy) proplOll i C  acid, (2-(2,4-
dich l orophenoxy) propionic ac id (Dichloroprop) were purchased from 
Aldrich (Mi lwaukee WI) .  Whi le (2,4 , 5 -tr ich lorpphenoxy) acet ic acid 
(2 4 ,5 -T)  and 2- (2,4 , 5 -trich lorophenoxy) propion ic  aci d  (S i lvex) were 
obtained from chern Service (West Chester, PA) .  The stnlctures of these 
pheno 'y aci d  herbic ides are g iven in  F igure 2 . l .  
The derivat iz ing agent 2-Am inobenzamide was obtained from 
Aldrich (Mi lwaukee, WI ) .  l -aminonapthol-2-sulphonic acid  was purchased 
from BDH (Chemical l im i ted people, England) . The structures of these 
two derivat iz ing agent are g iven in F igure 2 . 2 .  
Benzotriazo l y  l oxytris (d imethylamino) phosphonium 
hexafIuorophosphate (BOP) which was used in  dervatization react ion was 
purchased from S igma Chemical Co ,  (S t . Louis, MO). The structure of BOP 
i s  given in  F igure 2 . 3 .  Solvent inc luding methanol ,  aceton i tri le, and 
dichlo lomethane were obtai ned from Riedel -de Haen (Seelze, 
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2-(2,4,5 -tri chlorophenoxy) propionic aci d  
(S i lvex) 
Figu re 2 . 1 :  Stnlcture of Phenoxy Acid Herb ic ides, COlllinon names are 
between brackets .  
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1 - Aminonaphthol-4- sulfonic Acid 
©{ H
, 
C - H2 I I  o 
2- Aminobenzamide 
Figu re2 .2 : The structure of the derivat izing agents 
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Benzotnazolylox)tris (dimethylamino) phosphonium hexafluorophosphate 
(BOP) 
Figu re 2.3 : The structure of BOP Reagent 
29 
Germany) . Triethylamine (TEA) and trifluoroaceti c  acid (TFA) were 
purcha ed from (Mi lwaukee, WI) .  
2 .2  r T R Ul\1 E N T  A T r O N  
High PerfoTInance Liquid Chromatography (HPLC) was performed 
with a Water -Al l i ance 2690, USA. Waters detectors, UV -Vis 486 and 
scanning fluorescence detector 474 were uti l i zed for detection of phenoxy 
herbic ides and derivat ized phenoxy herbic ides respect ively . The analytes 
were chromatographed on Phenomenex (USA) C 1 8-0DS(2) reversed phase 
packed column (250x4 .6mm) .  
UV -V i s  spectra were 0 btained on UV -V i s  scanmng 
spectrophotometer, UV -2 1 0 1  PC double beam (Sh imadzu) . F luorescence 
spectra were obtained on spectofluorometer, Rf 5000 (Sh imadzu). 
Waterbath B -480 Rotabapor R- 1 24 (Buchi - Switzerland) were uti l ized for 
the evaporation of the solvents .  Other instruments, used i n  th is  thesis 
inc lude, shaker, orbital Envirm, model 3 527 - 1 ,  and pH-meter model 69 1 
(Metrohm) .  
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2.3 P ROC E DU R E  
2. 3. 1 Derivatizatioll (general procedure) 
Phenox herbic ides were derivat ized according to the fol lowing 
general procedure. 1 equi a lent  of pheno y herbic ide was dissolved in  an 
appropriate solvent contai n ing 3 equi alents TEA. 1 0  equiva lents of 
deri at iz ing reagent and 2 equivalents of BOP were s imul taneously added 
to the so lut ion .  The mixture was st irred at room temperature for 50 min .  
Se era l  o lvents were tested inc luding acetonitri le ,  methanol and 
dichloromethane. The scheme of derivat izat ion according to Le-Nguyen 
and co-workers (Le-Nguyen D .  et aI . ,  1 987)  i s  i l l u strated in F igure 2 . 4 .  
2. 3. 2 Soil Treatment 
So i l  was col lected from Al kabesi an area in Al-Ain (Abu Dhabi -
UAE) .  So i l  t reatment was conducted accord ing to the fol l owing procedure . 
F i rst, soi l was sprayed with a mixt ure of a l l  phenoxy herb ic ides i n  question 
at a concentrat ion of 3 2 .2 mg/l . This concentrat ion was determined by 
calcu lat ing the surface area of the soi l  bed (Bovey R. W. & Young A.  L. , 
1 980) .  I rr igation was carried out once dai ly for 30 days. The soi l  was 
divided i nto s ix  layers ( the depth of soi l  was 30 cm . ) .  1 kg of each l ayer 
was co l lected dried and extracted with 1 . 5 L of methanol .  The extracts , , 
were dried us ing rotary evaporator , then d issolved i n  1 0  m l  of acetonitr i l e .  
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Prior to HPLC analysis samples were fi l tered. A part of each soi l  layer 
extract has deri vat ized according to the derivat ization procedure described 
above . 
2. 3. 3 Plallt Treatmellt 
The onion plant (Allium cepa L. ) Was sprayed with a mixture of a l l  
herbic ides in  quest ion a t  a concentrat ion of 1 4mg/l . The plant  was irrigated 
once dai ly for 30 days .  Onion was harvested and d iv ided i nto leaves, roots 
and bu lb .  Each of these parts was washed with water then homogenized 
eparate ly with 300ml of 0 .0 1 hydroch loric acid us ing a food processor. 
The aqueous solut ion was extracted with hexane , the organic layer 
removed on a rotary evaporator, and the residue was d issolved i n  5 ml of 
acetonitr i l e .  Prior to HPLC analysis samples were fi l tered. Part of the 
extract was deri at ized according to the derivat ization procedure described 
above . 
2. 3. 4 Separatioll Conditions 
Solvent A 0 . 1 0/0 TFA in water and solvent B was 0 . 1 %  TFA in 
acetoni tr i le .  The in i t ia l  composi t ion of the mob i le phase was 25%  solvent 
B, which was increased l inearly to 90% over 30 min . The co lumn was 
i ncreased then recondit ioned wi th75% A and 25% B for 1 5  m in .  The flow 
rate was set at 1 mVmin .  Separat ion was achieved by u t i l iz ing a gradient 
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system, samples were injected uti l izi ng  an auto i njector with a 20 ).11 
capacit 
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3. 1 U V-A B ORPTION O F  PH ENOXY AC I D  H E R B I C I DES 
Pheno y acid herbic ides d iffer from each other in  the length  of  the 
alkyl chain as wel l as the type and degree of subst i tut ion on the benzene 
ri ng ( ee F igure 2 . 1 ) . Therefore, their UV absorpt ion profi l es are s imi lar 
and they a l l  have absorpt ion maximum at 230 and 280 nm . 
F igure 3 . 1 i l l ustrates the U V  spectrum of 2,4-D as a representat ive of 
the phenoxy ac id herbic ides ut i l ized in th is  study. As mentioned above and 
l ike any other phenoxy ac id herbic ides, 2 ,4-D exhibi ts  UV absorpt ion 
maximum around 230 and 280 nm .  The absorpt ion of 2,4-D at 280 run i s  
m uch  weaker than that a t  230 nm .  Therefore, throughout th i s  study 
underi at ized phenoxy aci d  herbic ides were monitored at 230 nm . 
3 .2  H P L C  S E PA RATION O F  U N D E R I VATIZED P H ENOXY AC I D  
H ER B IC I D E S  
3. 2. 1 [socratic Separation Conditions of Phenoxy A cid Herbicides 
As ment ioned earl ier phenoxy herbic ides possess almost s imi lar 
funct ional groups and their structural variat ion does not affect their relat ive 
hydrophobic ity, thus rendering their separation by HPLC ut i l iz ing 
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an i socrat ic  mode of analys is  impossible .  F igure 3 .2 i l l ustrates the 
chromatograms of the phenoxy herbic ides, invest igated in th is  study under 
I ocrat l c  condit ion ut i l iz ing a 75% acetoni tr i le and 2 5% water mobile 
pha e .  The retent ion t im s of the various analytes are summarized in  Table 
3 1 .  Under the e separat ion condit ions, basel ine reso lut ion is only attained 
betv een three analytes at a t ime wh i l e  2 ,4 ,5 -T, 2 ,4 -D and 2-(4-
chlorophenoxy)propionic acid as wel l as si lvex and 2-(2,4-
dichlorophenox )propionic ac id coeluted .  Decreasing the organic content 
of the mobi le  phase to 50% did not enhance resol ut ion,  rather resul ted in 
the coe lut ion of more analytes. The chromatograms of analytes separated 
i ocrat ica l ly ut i l iz ing 50% acetoni tr i le and 50 % water as mobi le  phase are 
depicted i n  F igure 3 . 3  and retent ion t imes are summarized i n  Table 3 .4 .  As 
i n  the case of the h igher organic percentage mobi le phase, only three 
analytes could be base l ine resolved at a t ime, whi le 2 ,4 ,5-T, 2,4-D, 2-(2,4-
dich lorophenoxy)propionic and 2-( 4-chlorophenoxy)propionic acid 
coeluted. Moreover, the derivat iz ing reagent 2 -aminobenzamide coeluted 
with s i lvex .  Other mob i le phase composi t ions were tested and all proved to 
be i neffect i  e in provid ing better reso lut ion .  Therefore, i t  can be concluded 
that i socrat ic separat ion of the d ifferent phenoxy ac ids under i nvest i gat ion 
is unsuitable,  and i neffect ive in monitoring the progress of derivat izat ion 
3 7  
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Table 3. 1 :  Retent ion t imes of the analytes depicted in F igure 3 . 2 
Peak Analyte Retention Time 
No.  (Min.) 
1 2 -(4 -CP)PA 1 .93 1 
2 2 4-D , 1 . 865 
3 Dichlorprop 2 . 068 
4 2 ,4 , 5 -T 1 . 8 1 8  
5 4-(2 ,4-DCP)BA 3 . 565  
6 S i lvex 2 .025 
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Figu re 3 .3 :  Chromatograms of Phenoxy Aci d  Herbic ides Separated 
I socrat ica l ly uti l iz ing a 50% acetonitri l e  and 50% water mobile 
phase 
Ta ble 3.2 :  Retent ion t imes of the analytes depicted in F igure 3 . 3  
Peak Ana lyte Retention Time 
No. (M in.) 
1 2-(4-CP)PA 2 . 1 4 1  
2 2 4-D , 2 .078 
3 Dichlorprop 2 . 3 88 
4 2 ,4,5 -T 2 . 1 48 
5 4-(2,4-DCP)BA 6 .995 
6 S i lvex 2 . 708 
R 2-AB 2 .975  
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Figu re 3.4: Chromatograms of Herbicides and 2 -Aminobenzamide 
Reagent ;  separat ion condit ions as i n  F igure 3 . 3 .  
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since e lut ion t ime of most analytes was s imi lar to the e lut ion t ime of 2-
aminobenzamide as i s  i l l ustrated in Figure 3.4 .  This has prompted the need 
to perform the separat ion under gradient condit ions .  
3. 2. 2  Gradient Separation COllditions o{Pltenoxy A cid Herbicides 
Phenoxy ac id herbic ides possess the same functional group and their 
mol cu lar weight are comparat i e ly the same, thus their hydrophobicity is 
expe ted to be sim i l ar .  The basis of HPLC separat ion on a C 1 8  column i s  
s l ight  d ifferences i n  hydrophobic ity of the  analytes, hence, different 
part i t ioning coeffic ients .  Moreover, smal l  hydrophobic i ty d ifferences can 
be attenuated b ut i l iz ing gradient e lut ion which resul ts i n  the reso lut ion of 
analyte \ i th re lat i  ely s imi l ar part i t ioning coeffic ient . 
As mentioned in  the previous section,  i socratic  separation of 
phenoxy acids did not provide the desired resolv ing power. Therefore, 
gradient chromatography was resorted to in order to atta in basel ine 
reso lut ion of a l l the phenoxy acid herbic ides i n  quest ion .  In i t ia l ly, the 
gradient program summarized in Table 3.3 was uti l ized.  
4 1  
Table 3 .3 :  Gradient separation condit ions of F igure3 . 5  
T im F low % A (HPLC % B  
Min .  mllmin .  grade water with ( Acetonitri le 
0 . 1 %  TFA) with 0 . 1 %  
TFA)) 
I 11 1 t ia l  1 . 50  75  25  
2 5 .00 1 . 50  25  75  
30 .00 1 . 50  75  25  
Although such gradient program provided the resolution desired, severe 
tai l ing \Va observed for a l l  analytes hindering  effic ient separation and 
suggest ing the presence of secondary i nteractions between the analytes and 
the stat ionary phase . I t  i s  bel ieved that th is  i nteraction is  between the 
carbo 'yl ic ac id groups of the analytes and the hydroxyl groups of the s i l ica 
ba ed stat ionary phase . This i nteraction has not supposed to happen, 
especial l , s ince the column used was end-capped. However, i t  appears 
that the end-capp ing of the column was not complete, thus leaving few 
hydroxyl groups ava i l ab le for i nteract ion with ac id ic  analytes or any other 
analytes capable of forming hydrogen bonds. Secondary i nteractions, 
especia l ly  caused by hydrogen bonding, are conquered by l owering  the pH 
of mobi le  phase or  the  addit ion of suitab le counter-ions ( ion-pair 
chromatography) .  We chose to lower the pH of mobi le phase through the 
addit ion of trifloroacetic acid (TFA) which is  commonly used as a reagent 
for th i s  purpose. 
4 2  
The addit ion of TFA at concentration of 0 .0 1 0/0 substantia l ly 
opt imized the efficiency of separation and e l iminated any tai l ing (see 
F igur 3 . 5 ) .  Under the gradient condit ions summarized in Table 3 . 3 and 
after th addit ion of TFA to both A and B solvents ,  the order of e lution of 
analyte wa ( l )  2-( 4-chlorophenoxy)propionic acid, (2) 2 4-D, (3 )  2(2,4-
dichlorophenoxy)propionic ac id (4) 2 ,4 ,5 -T, ( 5 )  4-(2,4-
di hlorophenoxy)butyric ac id ,  and (6) s i lvex . The detection l imi t  of the 
analyte under these separat ion condit ions was 5 x 1 0-6 M,  which is  h igher 
than the concentrat ions at which they exit environmenta l ly .  Detection l im i t  
can be  i mpro 'ed d irect ly or  indirect ly .  The later involves preconcentration 
step, which is  lengthy and t idies .  On the other hand, direct improvement in 
detection  l imi t s  i nvolves precolumn derivat izat ion of analytes with a 
fluorophore or a chromophore . Phenoxy acid herbici des are relat i vely good 
U V  absorbing species, thus tagging them with a chromophore i s  not 
expected to improve their detection l im i t  substant ia l ly .  However, tagging 
the analytes with a fl uorophore i s  expected to enhance detection l imi ts  by at 
least three orders of magn itude .  
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Figu re 3.5:  Chromatogram of underivatized phenoxy acid herbicides 
separated using the gradient program summarized in Table 3 .3 .  
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3.3 DER I VATIZATIO 
Analytes are general ly tagged with a suitab le  chromophore or 
fluorophore to impro e their detection l imi ts .  As the tagging process 
bri ng about dramat ic changes in the structure of the analytes, i t  i s  essential 
to lect the tag di creetl not only to a l low the sensi t ive detect ion of the 
deri at ized analyte but a lso to produce the changes needed for the 
subsequent eparat ion step . In other words, it is preferred that the tag also 
augment select i vi ty by enhancing hydrophobi city d ifferences between the 
anal  te . Such an enhancement would  ul t imately prompt h igh resolution of 
the separat ion . Other criteria for a successfu l  preco lumn derivat izat ion 
inc l ude (i) h igh derivatizat ion yield, ( i i) h igh reaction selectivity ( i i i )  
fonnation of a s ing le  product, ( iv) absence of detectabl e  s ide products, (v) 
min imum sample  work-out and c lean up, and (vi) no analyte degradat ion. 
The carboxyl i c  group of phenoxy ac id herbicides i s  a good candidate 
site for the attachment of a fluorophore .  Therefore, i mproving the 
detectab i l i ty of phenoxy acid  herbic ides in thi s  study i s  based on the 
attachment of a fluoresc ing species to the carboxyl ic ac ids avai lable on a l l  
phenoxy acid  herbic ides .  In  genera l ,  carboxyl ic acids can be converted to 
either amide derivat ives or  acylhydrazides, or  to esters . In  th is  study, the 
format ion of amide bonds was selected due to the h igher stab i l ity of amide 
bonds over ester bonds .  The amide bond formation i s  based on the 
4 5  
conden ation react ion between the carboxyl i c  acid group of the analyte and 
the ammo group of the fluorophore uti l iz ing 
benzotr iazoly loxytris( d imethylamino )phosphonium hexafluorophosphate 
(BOP) a a conden at ion reagent . S ince it discovery in 1 975  by Castro et 
al. ( a tro B .  et ai . 1 97 5 ) , BOP reagent has been main ly u t i l ized in the 
c Ia  ical pept ide yntheses in solut ion .  In th i s  study reagent is used to 
deri at ize phenoxy acid herb ic ides with a flourophore to enhance their  
detection .  The react ion pathway is  summarized in  F igure 2 .4 .  The 
reaction invo l  es the deprotonat ion of carboxyl ic  groups through the 
addit ion of TEA to solvent in which the analytes are d issolved. This step i s  
fo11O\ ed by the formation of an  ester bond between the deprotonated 
analytes and BOP reagent . Eventual ly,  th is  ester bond i s  attacked by the 
amino group of the fl uorophore to form an amide bond between the analyte 
and the fl uorophore ( i . e . ,  2 -aminobenzamide or 1 -amino-2-naphthol-4-
su lfonic acid) .  The coup l ing  reaction a lso produces hydroxybenzotriazole 
( HOBT),  thus i nducing an ac id-base reaction w ith TEA as i l lustrated i n  
F igure 2 .4 .  This react ion prompted the use of TEA in  excess since the 
derivat izat ion react ion is  opt imum under bas ic condit ions (Castro B .  et al . ,  
1 97 5 ) .  
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3. 3. 1 Optimization o(Derivatization COllditions: 
Although the derivatizat ion procedure ut i l i zed in th is  study is based 
on a wel l  establ i hed procedure that has proven to be very successful in 
pept id nthe i s  (Mechref Y.  & E1 Ras i Z., 1 994) (Le-Nguyen D.  et aI . ,  
1 987)  ( a tro B .  et aI . ,  1 975 )  two parameters had t o  be opt imized namely 
the amine and the o lvent in which derivat izat ion was carried out . 
I ni t ia l ly ,  two ammes were tested to opt imize the derivatizat ion 
procedure . F igures 3 .6a and 3 . 6b i l lustrate the effect of triethylamine 
TEA) and triethanolamine (TEOHA) on the derivatization efficiency of 2-
(4-chlorophenoxy)prop ionic acid ,  respective ly .  As could be concluded 
from the comparison of those two figures, derivati zat ion effi ciency is 
substant ia l ly h igher with TEA than with TEOHA. Both figures were 
obtained for the derivat ization of the same amount of analyte under the 
same condit ions except for the amine employed . The scale for both figures 
is the same, yet the amount of 2-( 4-chlorophenoxy)propionic acid 
derivat ized when TEA was used is more than twice the amount derivatized 
uti l izing TEOHA;  as is suggested by the peak areas of both figures. 
Therefore, derivat izat ion of al l analytes were conducted employing TEA to 
obtain opt imum react ion effic iency . This agrees with the suggested 
react ion mechanism which proposed the need for the reaction to be 
optimum in basic media. Triethylamine is a stronger base than TEOHA. 
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Figu re 3.6 b :  Chromatogram of 2-(  4-chlorophenoxy)propionic ac id 
derivat ized with 2 -aminobenzamide in acetonitri l e  and 
triethanolamine (TEOHA) 
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The efficiency of deri atization was also tested for three solvents 
namely acetonitri le ;  methanol and dichloromethane . The efficiency of the 
derivat izat ion in the e 01 ents was determined; l ike in the case of the 
amine, b companng the peak area for the derivatizat ion of 2-( 4-
chlorophenox )propionic acid performed under the same conditions except 
for the o lvent in which the derivat izat ion is  performed .  Comparing figures 
3 . 6a, 3 . 7a and 3 . 7b ,  the peak areas observed in F igure 3 .6a is h igher than 
that ob erved in figure 3 . 7  a which in turn i s  h igher than that observed in 
the other figures .  Indicat ing that the acetoni tri l e  solvent provides h igher 
reaction efficiency. 
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Figu re 3 .7b :  Chromatogram of 2-(  4-chlorophenoxy)propionic acid 
derivatized with 2-aminobenzamide in d ichloromethane 
and TEA. 
50 
3. 3. 2 Assessment o(Derivatizatiofl 
3. 3. 3 Mas Spec/romelrv 
Derivat izat ion of pheno 'y acid herbic ides was in i t ia l ly assessed by 
ma s spectrometry .  The analyte 4-(2,4-dichlorophenoxy)butyric acid 
deri at ized \ j th 2 -aminobenzamide was subjected to fast-atom­
bombardment ma s sp ctrometry; the spectrum of this ana lys is i s  depicted 
in F igure 3 . 8 .  Underi at ized 4-(2,4-dichlorophenoxy)butyric acid has a 
molecular e ight of 249 . 1 0  g/mole,  thus a s ignal  for th i s  underivatized 
herbic ide \ ould appear at 249 .0  mJz . As can be seen in Figure 3 . 8 , there is 
no s ignal  at this mJz value suggest ing a complete conversion of the analyte .  
Moreo er,  the 2 -aminobenzamide derivat ive of th is  analyte would have an 
mlz value of 368 . 25  which appears i n  Figure 3 . 8 .  Mass spectrometry data 
suggest complete conversion of the analyte to reagent derivatives .  Note the 
reaction was performed under the condit ions described in Chapter I I .  The 
s igna l  at mJz value of 3 87 corresponds to formation of the product 
potassium adduct ( i . e .  [M+Kt) .  
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3. 3. 4 Monitoring the progress ofderivatization 
The progres of the reaction was also monitored with UV detector , 
\vhere the analytes \i ere label d according to the procedure summarized 
earl ier and the peak height of the analyte was determined with various 
tim s. The react ion rate was high to the extent t hat the underivatized 
anal t completely disappeared after less than 40 min of reaction . Figure 
3 .9 a demonstrates the completion of derivat izat ion of 2-( 4-chlorophenoxy) 
propionic ac id after 40 minutes of react ion. The e lut ion t ime of the 
underivat ized analyte i s  i l l ustrated with an arrow in the figure, as can be 
seen the analyte has completely disappeared. On the other hand, a new 
peak at around 1 6  m in  appeared which corresponds to the labeled phenoxy 
acid herb ic ide .  To  concl usively a certain the derivatization monitoring the 
react ion with a fluorescence detector for the appearance of a new peak 
cou ld  be only due to the formation of fluorophore-analyte product (see 
F igure 3 . 9b) . 
A chromatogram of the S I X  phenoxy acid  herbicides detected 
fluorescenctely is i l l ustrated in Figure 3 . 1 0 . In th i s  figure four analytes are 
base l ine resolved whi le  two analytes have coeluted. Thus, the 
derivat ization was complete, rap id, reproducible and effic ient, yet the 
addi t ion of the fluorophore to the analytes increased there hydrophobicity 
to an extent that their base l ine reso lut ion that was attainable before 
5 3  
deri at ization was h indered. Note that the separation conditions uti l ized 
for the separation of the derivatized phenoxy acid herbic ides are the same 
a those employed for the separat ion of underivatized phenoxy acid 
herbic ide (F ig .  3 . 5  and 3 . 1 0) .  I ncreasing hydrophobici ty in this case 
negat i e ly influenced the chromatographic separat ion of the phenoxy acid  
h rb ic ide . Th is  reduction i n  reso lut ion, however, could be overcome by 
chang ing separation condit ions .  Several attempts were made to improve 
the re o l ut ion of the derivat ized phenoxy acid  herbic i des .  The resul ts  of 
the e attempts are discussed next . 
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Figu re 3.9a : Chromatogram of 2-(4-phenoxy)propionic acid derivat ized 
with 2 -aminobenzamide. 
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Figu re 3.9b :  F luorescence chromatogram of dichloroprop derivat ized with 
2-aminobenzamide .  
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Figure 3. 10:  Chromatogram of Phenoxy Acid herbicides labeled with 2-
aminobenzamide 
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3. 3. 5 Optimization of Separation conditions of2-aminobenzamide labeled 
phenoxy acid herbicides 
Different ana lytical condit ions inc l uding isocratic  and gradient 
separation were tested in order to attain base l ine resol ut ion of 2-
aminobenzamide labeled phenox ac id  herbic ides . Figure 1 5  shows the 
isocrat ic eparat ion uti l iz ing 45% acetonitri l e  conta in ing 0 . 1 TFA and 55% 
ater contain ing 0 . 1 TFA of mobi le phase . Base l ine resol ut ion for only 
five anal  tes was attained. 
Table 3 . 4 summanzes the gradient separat ion condit ions for 2-
aminobellzamide l abeled phenoxy ac id herb icides .  The corresponding 
chromatogram is given in F igure 3 . 1 2 . The resol ut ion obtained was not as 
good as expected, and the separation t ime was l ong .  Varying the separation 
condit ions as shown in tab le 3 . 5 ,  3 . 6,  and 3 . 7  resul ted in the 
chromatograms in Figure 3 . 1 3 , 3 . 1 4 , and 3 . 1 5 , respectively .  In F igure 3 . 1 3  
the resol ut ion was poor since there was a coeluti on of three analytes . 
Comparing the chromatograms i n  F igure 3 . 1 4  and 3 . 1 5 , it could  be 
concl uded that, the separation condit ions uti l ized i n  Figure 3 . 1 5  resulted in  
a more effic ient separation wi th  opt imum resol ut ion and relat ively short 
retention t ime .  
Despite a l l attempts, attaining base l i ne resolut ion of 2 -
aminobenzamide l abeled phenoxy aci d  herbicides was not accompl i shed. 
This prompted the use of d ifferent derivat izing agents .  
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Figu re 3. 1 1 : Chromatogram of 2-AB labeled phenoxy acid herbicides 
separated isocrat ical ly .  
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Figu re 3. 1 2 :  Chromatogram of 2-AB labeled Phenoxy ac id herbicides 
separated using d ifferent gradient system 
Ta ble  3 .4 :  Gradient separation condit ions of F igure 3 . 1 2  
Time F low % A  % B  (HPLC 
(min . )  (mllm in . )  (Acetonitr i le grade water with 
with 0 . 1 %  TFA) 0 . 1 %  TFAl 
In it ia l  (l i near) 1 . 50  25  75  
1 0 . 00 1 . 50  50 50 
20 .00 1 . 50  50  50 
2 5 .00 1 . 50  90 1 0  
30 .00 1 . 50  25  75  
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Figu re 3. 1 3 : Chromatogram of 2-AB labeled phenoxy ac id herbicides 
ut i l iz ing non- l inear gradient . 
Table  3 .5 :  Gradient separat ion condi t ions of F igure 3 . 1 3  
Time F low 0/0 A % B  (HPLC 
(min . )  (mllmin . )  (Aceton itri l e  grade water with 
with 0 . 1 %  TFA) 0 . 1 %  TFA) 
In it ia l  (non- 1 . 5 0  2 5  7 5  
l i near) 
2 5 .00 1 . 50  85  1 5  
30 .00 1 . 50  25  75  
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Figu re 3. 1 4 : Chromatogram of 2-AB labeled phenoxy acid herbic ides 
ut i l iz ing gradient program . 
Ta ble 3 .6 :  Gradient separation condit ions of F igure 3 . 1 4  
Time F low % A  % B (HPLC 
(mi n . )  (ml/min . )  ( Acetonitri le grade water with 
with O . l % TFA) 0 . 1 %  TFAl 
In i t ia l  ( l i near) 1 . 5 0  2 5  7 5  
2 5 .00 1 . 50  85  1 5  
20 .00 1 . 50  25  7 5  
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Figu re 3. 1 5 : Chromatogram of 2-AB labeled phenoxy acid  herbic ides 
ut i l i zing d ifferent C 1 8  column . 
Table 3 .7 :  Gradient separat ion condit ions of F igure 3 . 1 5  
Time F low % A  
(min .) Jmllmi nl (Acetonitr i l e) 
I n it ia l  (l i near) 1 . 5 0  2 5  
1 0 .00 1 . 5 0  5 0  
20 .00 1 . 50  50  
2 5 . 00 1 . 50  90 
30 .00 1 . 5 0  2 5  
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% B  (HPLC 
grade water 1 
7 5  
5 0  
5 0  
1 0  
7 5  
3. 3. 6 Using Different Derivatizing Agent 
A ment ioned earl ier, to attain better analytes resol ut ion the use of other 
derivat izing agent \i  as employed . This was prompted by the lack of high 
re o lut ion of the 2-aminobenzamide derivatized phenoxy acid  herbic ides . 
I n  th i s  contest, two fl uorophore were used, namely 8-aminonapthalene- l -
u l fonic ac id  and l -amino-2-napthol-4-su lfonic acid  (ANOHS) .  
2 -( 4 -Chlorophenoxy)propionic ac id was used as  a representat ive 
anal te to evaluate the efficiency of derivatization of the two fluorophores .  
The corresponding chromatograms are i l lustrated in F igures 3 . 1 6a and 
3 . 1 Gb .  Compar ing the peak areas, the peak area was h igher with l -amino-2-
napthol-4-su lfonic acid, thus indicat ing a better effic iency of derivat ization 
using this fluorophore . 
As a result ,  th is  derivatizing agent was uti l i zed, and opt imum 
separation conditions were determined.  F igure 3 . 1 7  depicts the i socratic  
separation  of ANOH S  uti l i zing 30% acetonitr i le  and 700/0 water containing 
0 . 1 % TF A of  the mobi le phase The resolut ion i s  re lat ively good, 
however the I retention t ime was long. 
Better resol ut ion and shOlier separat ion t ime were obtained lmder 
d ifferent separat ion condit i ons .  I n  F igure 3 . 1 8, separation was performed 
under gradient condit ions, which are summarized in Table 3 . 8 .  On the 
other hand, F igure 3 . 1 9  represents gradient separation employing the 
separation condit ions summarized in Table 3 . 9 .  Comparing Figure 3 . 1 8  
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and 3 1 9  we can see that under the separat ion condi t ions used in F igure 
3 . 1 9  the t ime of separat ion becomes shorter and the resolution becomes 
better. 
F ina l l  , we can conclude that, usmg ANOHS was the best 
fl uorophore to obtain maximum base l ine reso lut ion and shorter separat ion 
t l lDe u ing the separat ion condit ions summarized in  Table 3 .9 .  
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F igu re 3. 1 6a :  Chromatogram of 2- (  4-Chlorophenoxy)propionic ac id 
derivat ized with 8-aminonapthalene- l -su lfoni c  acid 
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Figu re 3. 1 6b :  Chromatogram of 2 -( 4 -Chlorophenoxy)propionic acid 
derivat ized with l -amino-2-napthalene-4-sulfonic acid. 
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Figu re 3. 1 7 : Clu'omato gram of l -amino-2-naphthol-4 -sulfonic ac id 
deri at ized phenoxy acid  herb ic ides .  
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Figu re 3. 1 8 : Chromatogram of ANOHS  labeled phenoxy ac id herbic ides 
Ta ble 3 .8 :  Gradient separat ion condit ions of F igure 3 . 1 8  
Time F low % A % B  ( HPLC 
(min . )  (mUmin . )  (Acetonitri le grade water with 
with 0 . 1 % TFA) 0 . 1 %  TFA) 
In it ia l  1 . 50  25  7 5  
1 5 .00 1 . 50  50  50 
30 .00 1 . 50  25  7 5  
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Figu rae 3 . 1 9 : Chromatogram of ANOHS labeled phenoxy ac id herbic ides 
under d ifferent separat ion condi t ions .  
Table 3 .9 :  Gradient separat ion condit ions of F igure 3 . 1 9  
Time F low % A % B  (HPLC 
(min . )  (mllm in . )  (Ace to  n i  tr i l e grade water with 
wi th 0 . 1 % TFA) 0 . 1 %  TFA) 
I n it ia l  1 . 50  25  75  
1 5 .00 1 . 5 0  40  60 
30 . 00 1 . 5 0  2 5  7 5  
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3.4 A P P LI CA T I O  OF T H E  D E RI VATIZATION METHOD 
3. 4. 1 Determination or the cOllcentration or phenoxy acid movement 
through soil 
The appl icab i l i t  of the derivat izat ion procedure developed, was 
te ted by tud ing the sorpt ion I desorpt ion of phenoxy ac id  herbic ides in  
VA soi l .  E tracted o i l  samples treated wi th  phenoxy acid herbic ides 
accord ing to the procedure discussed in Chapter I I  were labeled with the 
derivat iz ing agent (ANOHS) .  The sorpt ion/desorpt ion data was compared 
for underivatized and derivatized phenoxy ac id herbic ides .  
From the obtai ned chromatograms of d ifferent  layers i t  can be 
noticed that, i n  l ayer No . 1 (F igure 3 . 20a) there was trace appearance of 
phenoxy aci d  herbic ides in the soi l  as wel l as other peaks corresponding to 
other organic molecules exist ing in the soi l .  The movements of phenoxy 
acid herb ic ides through the soi l was cont inuos, as there were smal l  amount 
of herb icides i n  the fIrst few l ayers . From F igures 3 .20b, 3 . 20c, 3 . 20d, and 
3 . 20e which represent the chromatograms of the soi l  extracted from layers 
2 ,3 ,4 ,and 5 , respectively, it can be concl uded that trace amounts of 
herbic ides are present .  However, layer No. 6 (Figure 3 . 20f) showed the 
presence of test herbic ides at h igh concentrat ions .  The concentrat ions of 
the d ifferent phenoxy ac ids in the s ix  layers are summarized in Table 3 . 1 0  
and Figure 3 . 2 1 .  Thus, i t  can be concluded that the nature of soil in the 
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UAE al lows the movement of  phenoxy ac id herbic ides through . I n  other 
words, sorption of herbic ides is very low in UAE soi l .  
The extent o f  sorpt ion/desorption o f  phenoxy ac id herbic ides was 
di fferent from one herbic ide to another . Th is  d ifference is based on the 
d ifferent h drophob ic i ty of individual herb ic ides, which could be explained 
by the low organ ic matter present in the soi l .  
Emplo i n g  fluorescence detector in  the case o f  derivatized phenoxy 
acid herb ic ides extracted from the layer al lowed better detection and 
el im inated other interfering peaks originat ing from organic  molecules, (See 
F igure 3 .22) .  
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Figu re 3 .20a :  C h ro matogra m  of Soi l extracted from layer No. 1 
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Figu re 3 .20 b :  C h ro m atogra m of Soi l  extracted fro m layer No. 2 
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Figu re 3 .20c:  C h ro matogra m of Soi l  extracted from layer No. 3 
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Figu re 3 .20d : C h ro ma togra m of Soi l  extracted from layer No. 4 
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Figu r"e 3 .20e:  Chromatogram of Soi l  extracted from layer NO. 5 
0 25
1 1 
o 20 
:2 
o 1 5  5 6 
::> 
'" 
o 1 0  
\�L� ..------r-I 0 05 I 
0 00 
2 00 • 00 6 00 a Do 1 0 00 1 2 00 14 00 1 6 0 0 1 8 00 20 00 22 00 2' 00 
Minutes 
F igu re 3 . 20f: Chromatogram of Soi l  extracted from layer NO . 6 
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Ta ble 3. 1 0 : The Concentration (Ppb) of herbic ides i n  d ifferent layers of 
oi l  
I H e r b i c i d e/Layer L l  L2 L3 L4 LS L6 
(Co n c. ) 
2,4 5 -T 1 9 .93 1 3 .92 4 5 . 88 1 04 . 1 1  1 8 . 59  326 .79 
S ILVEX 1 00 . 7  26 .2  90 . 3 5  1 8 1 . 7 6  62 . 72  26 1 .4 
2 4-D , 2 .06 2 .05  1 1 . 04 36 . 72  7 . 34  226 .7  
2-(4 -CP)PA 36 . 3  22 . 36  5 7 . 88 1 1 . 29 5 0 . 59 532 . 8  
4-(2 4-DCP)BA 0 1 0 . 04 27 . 28  93 .46 56 .9  256 .44 
Dichloroprop 5 . 1 1  2 . 85 1 8 .22  5 3 . 8  40 . 38  297 .23  
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Fig u re 3 . 2 1 :  Graph i l lustrat ing change in  the  amount of phenoxy Acid 
herbic ides i n  so i l  l ayers 
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Figu re 3 . 2 2 : Chromatogram of Soi l  extracted from layer No . 6 with 
Fluorescence Detector 
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3. 4. 2 Determinations of ph en ox V acid herbicides in roots and leaves. 
When a UV -detector was employed to determine the amount of 
phenox ac id herbic ides uptake b the crop, many i nterfering peaks 
appeared . That made it i mpossible to quant itatively determine the amount 
of herbic ide uptake by the plant . However th is  interference was much lower 
\i hen the derivat izat ion procedure was ut i l i zed, (see F igure 3 . 23) .  
The uptake of tested herbic ides by roots and leaves was di fferent . In 
roots the herb ic ides taken i n  h igh concentrat ion were s i lvex and 4-(2,4-
DCP)BA, in  addi t ion of trace amounts of other tested herbic ides (F igure 
3 . 23a) .  On the other hand, the herbic ides taken in h igh concentrat ion in  
lea es  \ a 4-(2 ,4-DCP) BA and trace amounts of other tested herbic ides 
(Figu re 3 . 23b) .  The amount of herbic ides accumulated in roots and leaves 
are summarized i n  Table 3 . 1 1 . 
Al l  i n  a l l ,  the study of the crop uptake of herbic ides gave as evidence 
that there is a movement of tested phenoxy ac id  herb ic ides from roots to 
leaves .  This movement d iffers from one herb ic ides to another depending on 
the propert ies of individual herb ic ides .  
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Figu re 3.23a : Chromatogram of root extract, derivat ized and obtained 
with fl uorescence detector 
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Figu re 3.23 b :  Chromatogram of leaves extract, derivat ized and obtained 
with fluorescence detector 
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Table  3 . 1 1 :  Concentration of herbic ides in  leave and root extracts of onion 
plant treated with the herbic ides 
H erbic ide  In  Leave I n  Root E x t ra ct 
E xt ract  (ppm) (ppm) 
2-(4-CP)PA 5 . 7 1 0 . 7 8  
2 4-D , 1 0 . 2  7 . 26 
Dichlorprop 0 . 4 4  0 
4-(2 ,4-DCP)BA 1 3  8 . 1 3  
2,4 5-T 3 . 5  7 . 3 3  
S i lvex 2 . 1 3  1 1 . 4 
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CONCLUS ION 
Phenoxy ac id herbic ide are ionic herbic ides that could be separated 
u l Ilg  re r ed-pha e column ' however the ionic nature of these 
herbic ide may cause the effic iency of separat ion on such column to be 
low. This  is esp c ia l ly become an issue when reversed-phase columns are 
not end-caped tim exposing s i loxane group and permit t ing secondary 
interact ion .  This  problem could be rect ified e i ther by using a wel l  end­
caped column or u ing an ac id ic  mobi le  phase . Both strategies decrease 
secondary interact ions between the analyte and the stat ionary phase. In th is  
stud , the second strategy was employed. TF A was added at 0 . 1 % to both 
solvent A and B of the chromatograph ic  system. TFA is an acidic reagent 
that i nsures the protonation of both phenoxy ac id  herb ic ides and s i loxane 
groups of the stationary phase, thus e l iminat ing any secondary i nteractions .  
Accordingly, opt imum separat ion effi ciency of phenoxy aci d  herbic ides 
was attained ut i l iz ing a gradient separat ion system in which the 
composi t ion of the mobi le phase was varied l inearly from 25 % acetoni tr i le  
and 0 . 1 %  TFA to 75% acetonitr i le and 0 . 1 %  TFA in  2 5  m in .  Basel ine 
resolut ion of al l  analytes tested in th is  study was atta ined in  ca .  1 5  min .  
However, the  detection l imi t  was only ca .  1 x 1 0-5  M a t  230 nm detection 
wavelength . 
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Although the separation conditions aforementioned were sufficient to 
attain efficient and rapid eparat ion, the detection l imits of these herbicides 
wa h igher than the concentration at which they could accumulate. 
Therefore derivatizat ion of these phenoxy ac ids with a suitable 
fluorophore which wou ld sub equent ly al low their determinat ion by the 
higher en i t ivity fl uorescence detector, was pursued. Derivat ization of 
the e herbic ide was attained through condensation react ion between the 
carbox l ie ac id group of the herbic ides and an amino group of a suitable 
fluorophore in the presence of a condensat ion reagent such as BOP reagent . 
This derivat izat ion procedure has been proven very effective in  the 
production of s nthetic polypeptides .  Derivat izat ion condit ions were 
opt imized with respect to amount of analyte, amine,  solvent and 
derivatization reagent . I t  was concluded that opt imum yield of 
derivatizat ion was accompl ished using acetonitr i le and triethylamine at the 
same concentrat ions uti l i zed in  the production of synthet ic  pept ides .  The 
reaction was completed in 40-5 5 m in  as was determ ined by mass 
spectrometry and HPLC analysis .  In i t ia l ly, 2 -aminobenzamide was used as 
a derivat izing agent; and exhibited h igh reaction effi ciency and t hree orders 
of magn itude improvement in the detect ion l im i t .  However, resol ut ion of 
2-aminobenzamide labeled phenoxy acid herbic ides separated on reversed­
phase C 1 8 column was less than that of the native analytes .  Two herbic ides 
coeluted and their separat ion was not poss ible under any separation 
8 1  
condit ions tested.  Accordingly, i t  was bel ieved that a solution to th is  
problem could be accompl ished by employing d ifferent derivat iz ing agents. 
Two addit ional derivat iz ing agents were tested and l -amino-2-naphthol-4-
ulfonic ac id e hibi ted higher derivat ization effic iency and moderate 
eparat ion t ime .  Basel ine resol ut ion l -amino-2-naphtho l -4-sulfonic acid 
labeled herbic ides was attained and the detection l im i t  was ca .  1 x 1 0-8 M 
Ll ing a fiuore cence detector. 
The effect iveness of this technique was not only l im i ted to standard 
ample, but was also effect ive in the determination of phenoxy ac id 
herbic ides accumulat ion in  soi l as  wel l  as p lant  uptake of these herbic ides. 
The ver low detection l i mi t  of labeled phenoxy ac id herbic ides a l lowed 
their determination i n  soi l treated at ppb concentrat ions (2 .05 -5 3 2 . 8  ppb) .  
Moreover, the derivati zat ion reduced i nterference from organi c  species that 
exit i n  soi l .  
The teclm ique was a lso very effective in  monitoring the uptake 
of p lants for these herbic ides.  The method a l lowed the determi nation of the 
differentia l  uptake of p lants to the herb ic ides when they were treated. The 
method substant ia l ly reduced interference arisen from species exist ing in  
plants .  The study showed that herbic ide uptake in  roots and leaves were 
not to the same extent . 
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